TITLE OF THE INVENTION 

DIGITAL BROADCAST RECEIVING APPARATUS 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to apparatuses for 
receiving television and radio broadcasting, especially digital 
broadcasting . 

10 Description of the Background Art 

[0002] Shown in FIG. 21 is the structure of a conventional 
digital broadcast receiving apparatus . A digital broadcast 
receiving apparatus Rc includes an antenna 1, a tuner 2, an A/D 
converter 3, a demodulator 7, and an automatic gain controller 

15 AGC. The automatic gain controller AGC includes an automatic gain 
control signal generator (hereinafter referred to as AGC signal 
generator) SG , and a level detector LD. A digital broadcast wave 
RF transmitted from a broadcasting station is propagated through 
the air and received by the antenna 1 . The received digital 

20 broadcast wave Srf is frequency- converted by the tuner 2 into a 
modulated analog signal SMA. This modulated analog signal SMA 
is converted by the A/D converter 3 into a modulated digital signal 
SMD , and then outputted to the automatic gain controller AGC and 
the demodulator 7 . 

25 [0003] In the automatic gain controller AGC. the level 

1 



detector LD detects the level of the received modulated digital 
signal SMD, and determines whether the detected signal level is 
higher than a predetermined level (reference value) or not for 
generating a level signal SL. The AGC signal generator SG 
5 generates, based on the level signal SL supplied by the level 
detector LD, a control signal SAG for adjusting the gain of the 
tuner 2, and outputs the control signal SAG to the tuner 2. In 
other words, if the signal level is larger than the predetermined 
level (reference value), the level detector LD causes the AGC 

10 signal generator SG to output the control signal SAG for 
decreasing the gain of the tuner 2. On the other hand, if the 
signal level is equal to or lower than the predetermined level 
(reference value), the level detector LD causes the AGC signal 
generator SG to output the control signal SAG for increasing the 

15 gain of the tuner 2. 

[0004] After the gain of the tuner 2 is controlled, the 
modulated analog signal SMA is converted by the A/D converter 3 
into a modulated digital signal SMD. Then, from this modulated 
digital signal SMD , a demodulated digital signal SDD is generated 

20 by the demodulator 7 for output to the following error correction 
processing. 

[0005] Shown in FIG. 22 is the structure of the level detector 
LD in detail. The level detector LD includes a subtractor 12, 
an adder 13, a delay unit 14, and a bit shifter 15 (represented 
25 as " 2~ n " in FIG. 22). Note that n represents the number of shift 



bits. The adder 13 and the delay unit 14 form an integrator 100. 
For example, if an average value is obtained from 4096 = 2 12 values 
of data, the bit shifter 15 is set as n = 12. An averaged signal 
¥/2 n received from the bit shifter 15 is subtracted by the 
5 subtractor 12 from the modulated digital signal SMD supplied by 
the A/D converter 3, and the result is outputted to the integrator 
100. 

[0006] Shown in FIG. 23 is the structure of the AGC signal 
generator SG in detail. The AGC signal generator SG includes a 

10 reference value provider 16, a subtractor 24, a multiplier 17, 
a constant provider 18, an integrator 21, a level converter LC , 
a PWM (Pulse Width Modulator) 22, and a low-pass filter 23. The 
integrator 21 includes an adder 19 and a delay unit 20. The level 
converter LC includes a multiplier 33, an inverse coefficient 

15 provider 34, a compensation coefficient provider 46, and an adder 
47. 

[0007] The subtractor 24 finds an error between the level 
signal SL supplied by the level detector LD and a predetermined 
reference value R supplied by the reference value provider 16 to 

20 generate an error signal SE. Note that, for the purpose of 
simplifying the description, signals and parameters may 
hereinafter be simply represented by reference characters as 
appropriate. The multiplier 17 multiplies the error signal SE 
received from the subtractor 24 by a constant G received from 

2 5 the constant provider 18 to generate G ' SE for output to the 



integrator 21. 

[0008] In the integrator 21, the delay unit 20 first delays 
G ' SE outputted from the multiplier 17 by a control cycle t . 
and then the adder 19 adds the delayed signal to a current output 
5 from the multiplier 17 for integration of G ' SE. The integration 
result is outputted as an integrated signal Z from the delay unit 
20 to the adder 19 and the level converter LC. Note herein that 
one control cycle is a sequence of control processing successively 
carried out in the digital broadcast receiving apparatus Rc and 

10 a digital broadcast receiving apparatus RPa according to the 
present invention, and their components. Also note that one 
control cycle period is a time period required for execution of 
one control cycle, that is, a period from start of one control 
cycle until before start of the next control cycle. 

15 [0009] In the level converter LC, the multiplier 33 multiplies 
the integrated signal ^outputted from the integrator 21 by M -l" 
outputted from the inverse coefficient provider 34 to invert the 
polarity of the integrated signal Z, and generates -Z . The adder 
47 adds a compensation coefficient OB provided by the compensation 

20 coefficient provider 46 to -^provided by the multiplier 33, and 
generates -Z+OB. The PWM 22 modulates the pulse width of -Z+OB 
received from the adder 47 to generate a square -wave signal Sr. 
The low-pass filter 23 extracts low-frequency components from the 
square-wave signal Sr supplied by the PWM 22 to generate the 

25 control signal SAG having a predetermined control voltage. 



Consequently, the tuner 2, the level detector LD , and the AGC 
signal generator SG form a loop. 

[ 0010 ] The level converter LC is briefly described below . The 
level converter LC is provided to normalize the value of the 
5 integrated signal Z outputted from the integrator 21 before 
processed by the PWM 22 for correct gain control if the value of 
integrated signal Z is larger than the reference value . Therefore , 
the inverse coefficient provider 34 provides the inverse 
coefficient, that is, a predetermined negative value, to the 

10 multiplier 33 for inverting the polarity of the integrated signal 
Z. The compensation coefficient provider 46 provides, for the 
sake of convenience of the processing in the PWM 22, the 
compensation coefficient OB having a predetermined value for 
compensating the inverted integrated signal Z ( -Z) so that it 

15 takes a positive value or 0 at the output from the level converter 
LC. 

[0011] The value of the compensation coefficient OB is 
determined based on the inverse coefficient provided by the 
inverse coefficient provider 34 and the number of output bits of 

20 the integrator 21. Now, consider the case where the inverse 
coefficient is -1, and the number of output bits of the integrator 
21 is 11. In this case, the integrated signal Z takes a value 
in the range of -1024 to +1023. If the compensation coefficient 
OB is set to 11 bits (1024), which is the number of output bits 

25 of the integrator 21, the value of -Z+OB outputted from the adder 



47 falls within the range of 0 to +2047. -Z+OB takes a value of 
+ 1024 {OB) if the output from the integrator 21 is 0, while taking 
a value in the range of +1025 to +2047 if negative. As such, 
correct gain control can be achieved according to fluctuations 
5 of the digital broadcast wave Srf. 

[0012] FIGS. 22 and 23 schematically illustrate processes on 
various signals generated in the level detector LD and the AGC 
signal generator SG in an arbitrary control cycle t. Throughout 
this specification, the control cycle is represented as t. That 

10 is, a control cycle previous to the control cycle t is represented 
as t with a natural number added thereto, and the one next thereto 
as t with a natural number subtracted therefrom. As such, the 
control cycle t is also a parameter indicating a relative time. 
Furthermore, for the sake of convenience, the control cycle t may 

15 be simply referred to as " t" , and also each signal and parameter 
may be referred to as its reference character. 
[0013] As shown in FIG. 22, the subtractor 12 of the level 
detector LD subtracts the averaged signal Y(t+1 )/2" supplied by 
the bit shifter 15 from SMD(t) supplied by the A/D converter 3 

20 to generate SMD( t) -Y( t+1 ) /2 n . 

[0014] The adder 13 of the integrator 100 adds SMD( t) -Y( t+l)/2 n 
supplied by the subtractor 12 to the integrated signal Y(t+1) 
supplied by the delay unit 14 to generate SMD{ t) -Y{ t+l)/2 n +Y( t+1) 
= SMD{ t)+Y( t+1) (1-2'") . 

25 [0015] The delay unit 14 delays SMD{ t)+Y{ t+1) (1-2"") outputted 



from the adder 13 by one control cycle t to generate an integrated 
signal Y{ t+1) . 

[0016] The bit shifter 15 shifts the integrated signal ¥{t+l) 
by the predetermined number of shift bits n to generate an averaged 
5 signal Y(t+l)/2 n . This averaged signal Y{t+l)/2 n is equivalent 
to the average of 2 B data values of the modulated digital signal 
SMD supplied to the level detector LD. In this sense, the number 
of shift bits n defines the number of data values required for 
finding the average value by the bit shifter 15. In other words, 

10 2 n is the number of data values required for finding the average 
value of the modulated digital signal SMD supplied to the level 
detector LD , and the number of shift bits n is an averaging 
coefficient. Hereinafter, 2 n is referred to as the number of data 
values for averaging. 

15 [0017] Next, as shown in FIG. 23, the subtractor 24 of the AGC 
signal generator SG subtracts the reference value R provided by 
the reference value provider 16 from the level signal SL supplied 
by the level detector LD to generate the error signal SE(t) . 

The multiplier 17 multiplies SE(t) supplied by the 

20 subtractor 24 by the constant G provided by the constant provider 
18 to generate G ' SE{t). 

[0018] The adder 19 of the integrator 21 adds G ' SE( t) supplied 
by the multiplier 17 to the integrated signal Z(t+1) outputted 
from the delay unit 20 to generate G • SE{ t) +Z{ t+1 ) . 
25 [0019] The delay unit 20 delays G * SE( t) +Z{ t+1 ) supplied by 



the adder 19 by one control cycle t to generate the integrated 
signal Z{ t+1) . 

The inverse coefficient provider 34 of the level 
converter LC multiplies the integrated signal Z{t+1) received 
5 from the delay unit 20 by the inverse coefficient "-1" provided 
by the inverse coefficient provider 34 to generate -Z{t+1) . 
[0020] The adder 47 adds -Z{t+1) supplied by the multiplier 
33 to the compensation coefficient OB provided by the compensation 
coefficient provider 46 to generate -Z( t+1 ) +OB. 

10 [0021] The PWM 22 converts the pulse width of -Z{ t+1) +OB 
supplied by the level converter LC to generate a square -wave 
signal Sr. The low-pass filter 23 extracts low-frequency 
components from the square-wave signal Sr supplied by the PWM 22 
to generate the gain control signal SAG aX. a desired stable level. 

15 [0022] In the above structured digital broadcast receiving 
apparatus He, if the signal of the digital broadcast wave Srf 
becomes maximum and according the level signal SL becomes maximum, 
-Z+OB becomes 0 and the square -wave signal Sr becomes constant 
at 0, as shown in FIG . 24. The control signal SAG therefore 

20 becomes minimum. If the digital broadcast wave Srf becomes 
intermediate and accordingly the level signal SL becomes 
intermediate, -Z+OB becomes 1024 and the square-wave signal Sr 
alternately indicates 0 and 1, as shown in FIG. 25. The control 
signal SAG therefore becomes intermediate. If the digital 

25 broadcast wave Srf becomes minimum and accordingly the level 



signal SL becomes minimum, -Z+OB becomes +2047 and the square -wave 
signal Sr becomes constant at 1, as shown in FIG. 26. The control 
signal SAG therefore becomes maximum. 

[0023] Exemplarily shown in FIG. 27 is a relation between the 
5 digital broadcast wave Srf and the modulated analog signal SMA 
in the above structured digital broadcast receiving apparatus Rc. 
In FIG. 27, SW1 in the upper part represents a signal waveform 
of the digital broadcast wave Srf in a relatively short period 
of time. SW2 in the middle part represents an envelope waveform 

10 of the digital broadcast waveform Srf in a period considerably 
longer than that shown by SW1 . In this example, the digital 
broadcast wave Srf fluctuates in amplitude within 6dB and in 
frequency within 100Hz . SW3 in the lower part represents a signal 
waveform of the modulated analog signal SMA outputted from the 

15 tuner 2 after fluctuations are eliminated from the digital 
broadcast wave Srf (SF/2) . With a smaller number of data values 
used for level detection by the level detector LD (for example, 
127, 2 7 ) and a larger value of the constant G used for in 
multiplication by the multiplier 17 of the AGC signal generator 

20 SG (for example, 128) , the modulated analog signal SMA outputted 
from the tuner 2 can be made not to fluctuate in frequency. That 
is, the digital broadcast receiving apparatus Rc can follow the 
frequency fluctuations of the received digital broadcast wave 
Srf. 

25 [0024] In the above digital broadcast receiving apparatus Rc , 



it has been confirmed through experiments that a maximum 
followable fluctuation frequency of the digital broadcast wave 
Srf whose amplitude fluctuates within 6dB is approximately 100Hz. 
Specifically, with the smallest possible number of data values 
5 (the number of shift bits n) used for level detection in the level 
detector LD and the largest possible constant G, the above 
apparatus can generate the modulated analog signal SMA without 
frequency fluctuations from the digital broadcast wave Srf whose 
amplitude fluctuates within 6dB and whose frequency fluctuates 

10 up to 100Hz. Such frequency fluctuations of 100Hz is caused by 
an object moving at 180km per hour toward the digital broadcast 
wave Srf emitted from a broadcast station or a relay station and 
propagated through the air to reach the digital broadcast 
receiving apparatus He. 

15 [0025] However , the digital broadcast wave Srf whose frequency 
fluctuates within the maximum followable fluctuation frequency 
(100Hz) may often fluctuate thereover due to swaying leaves, 
collision with a moving object such as a vehicle, or reflection 
from a fast -moving object such as an airplane. In such case, the 

20 digital broadcast receiving apparatus Rc cannot follow the 
frequency fluctuations of the digital broadcast wave Srf, and 
therefore cannot reproduce the demodulated digital signal SDD 
with high quality. 

[0026] Moreover, the ratio of control voltage to gain in the 
25 tuner 2 is varied depending on the level of the digital broadcast 



wave Srf supplied thereto. Therefore, the capability of 
following frequency fluctuations is also varied depending thereon, 
and so is the quality of the demodulated digital signal SDD 
accordingly . 

5 [0027] As stated above, in conventional analog broadcast 
typified by NTSC, a received broadcast wave reflected upon a 
fast -moving object such as an airplane causes deterioration in 
quality of a demodulated signal. Such deterioration further 
causes image disturbance, but does not interrupt images. In 
10 digital broadcast, however, the demodulated digital signal SDD 
deteriorated in quality causes a complete interrupt of a video 
stream. 

SUMMARY OF THE INVENTION 

15 [0028] Therefore, an object of the present invention is to 
provide a digital broadcast receiving apparatus capable of 
reproducing an uninterrupted video stream by following even large 
frequency fluctuations in a digital broadcast wave caused by a 
fast -moving object such as an airplane. 

20 [0029] The present invention has the following features to 
attain the object problem above. 

[0030] A first aspect of the present invention is directed to 
a digital broadcast receiving apparatus for amplifying a digital 
modulated signal wave propagated through air with gain 
25 automatically adjusted to have a predetermined amplitude, and 



demodulating the modulated signal wave to a digital signal, said 
apparatus comprising: 

a tuner unit for frequency- converting the received 
digital modulated signal wave into a first modulated signal; 
5 a first automatic gain control amplification unit for 

controlling gain of the tuner unit to make a level of the first 
modulated signal at a first predetermined level; 

an A/D conversion unit for converting, analog to 
digital, the first modulated signal into a second modulated 
LO signal; 

a demodulation unit for demodulating the second 
modulated signal into a first demodulated digital signal; and 

a second automatic gain control amplification unit for 
amplifying a level of the first demodulated digital signal to be 
15 at a second predetermined level, and generating a second 
demodulated digital signal. 

[0031] As described above, in the first aspect, two automatic 
gain controllers are provided: a first automatic gain controller 
forming a gain loop with a tuner and requiring some time for level 

20 detection through gain control of the tuner, a second automatic 
gain controller requiring not much time therefor. Thus, gain 
control requiring high speed and gain control not requiring high 
speed are serially carried out in a distributed manner by the first 
and second automatic gain controllers . 

25 [0032] According to a second aspect, in the first aspect, the 



first automatic gain control amplification unit amplifies the 
digital modulated signal wave without following frequency- 
fluctuations thereof, and generates the first modulated signal, 
and the second automatic gain control amplification unit 
5 amplifies the first demodulated digital signal by following 
frequency fluctuations thereof, and generates the second 
demodulated digital signal. 

[0033] As described above, in the second aspect, the second 
automatic gain controller carries out gain control that follows 

10 frequency fluctuations . Thus , high-frequency fluctuations that 
have not been followed conventionally can be followed. 
[0034] According to a third aspect, in the first aspect, the 
first automatic gain control amplification unit amplifies the 
digital modulated signal wave by following frequency fluctuations 

15 thereof that are smaller than a first predetermined frequency, 
and generates the first modulated signal, and the second automatic 
gain control amplification unit amplifies the first demodulated 
digital signal by following frequency fluctuations thereof under 
a second predetermined frequency that is larger than the first 

20 predetermined frequency, and generates the second demodulated 
digital signal. 

[0035] As described above, in the third aspect, low-frequency 
fluctuations are followed by the first gain controller, and then 
high-frequency fluctuations are followed by the second automatic 
25 gain controller. Thus, influences of noise components included 



in the digital modulated signal wave can be reduced. 
[0036] According to a fourth aspect, in the third aspect, the 
apparatus further comprises a level detection unit for detecting 
the level of the first modulated signal; and 
5 a gain change unit for changing the gain of the tuner 

unit based on the detected level. 

[0037] As described above, in the fourth aspect, the gain can 
be appropriately set according to the characteristic of the tuner. 
[0038] According to a fifth aspect, in the fourth aspect, the 

10 apparatus further comprises a threshold unit for taking, as a 
threshold, a threshold voltage at which a control-voltage to 
amplitude-attenuation characteristic of the tuner unit is 
abruptly changed, wherein 

the gain change unit takes, as the gain, a first 

15 predetermined value when the detected level is higher than the 
threshold, and a second predetermined value smaller than the first 
predetermined value when the detected level is lower than the 
threshold. 

[0039] As described above, in the fifth aspect, the gain can 
20 be appropriately set with respect to the threshold voltage at 
which the characteristic of the tuner is abruptly and 
significantly changed. 

[0040] According to a sixth aspect, in the fourth aspect, the 
apparatus further comprises a first threshold unit taking, as a 
25 first threshold, a voltage lower, by a first predetermined amount. 



than a threshold voltage at which a control -voltage to 
amplitude -attenuation characteristic of the tuner unit is 
abruptly changed; and 

a second threshold unit taking, as a second threshold, 
5 a voltage lower, by a second predetermined amount, than the 
threshold voltage, wherein 

the gain change unit takes, as the gain, a first 
predetermined value when the detected level is lower than the 
first threshold; a second predetermined value larger than the 

10 first predetermined value when the detected level is higher than 
the second threshold; and one of the first and second 
predetermined values based on a value immediately before the 
detected level when the detected level is higher than the first 
threshold and lower than the second threshold. 

15 [0041] As described above, in the sixth aspect , a buffer region 
is provided for gain change within a region including the 
threshold voltage at which the characteristic of the tuner is 
abruptly changed. Thus, even if the detected level is abruptly 
fluctuated centering on the threshold voltage, jitter in gain 

20 value can be prevented. 

[0042] A seventh aspect of the present invention is directed 
to a digital broadcast receiving apparatus for amplifying a 
digital modulated signal wave propagated through air with gain 
automatically adjusted to have a predetermined amplitude, and 

25 demodulating the modulated signal wave to a digital signal, the 



apparatus comprising: 

a tuner unit for frequency- converting the received 
digital modulated signal wave into a first modulated signal; 

a first automatic gain control amplification unit for 
5 controlling gain of the tuner unit to make a level of the first 
modulated signal at a first predetermined level; 

an A/D conversion unit for converting, analog to 
digital, the first modulated signal into a second modulated 
signal; and 

10 a second automatic gain control amplification unit for 

amplifying a level of the second modulated signal to be at a second 
predetermined level, and generating a third modulated signal. 
[0043] As described above, in the seventh aspect, the same 
effects as described in the first aspect can be achieved. 

15 Moreover, the second automatic gain controller is provided 
immediately after the first automatic gain controller, thereby 
making the speed of gain control higher. 

[0044] These and other objects, features, aspects and 
advantages of the present invention will become more apparent from 
20 the following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] FIG. 1 is a block diagram showing the structure of a 
25 digital broadcast receiving apparatus according to a first 

16 



embodiment of the present invention; 

FIG. 2 is a block diagram showing the structure of a 
first level detector shown in FIG. 1 ; 

FIG. 3 is a block diagram showing the structure of a 
5 first AGC signal generator shown in FIG. 1; 

FIG. 4 is a block diagram showing the structure of a 
second level detector shown in FIG. 1; 

FIG. 5 is a block diagram showing the structure of a 
second AGC signal generator shown in FIG. 1; 
10 FIG. 6 is a diagram showing waveforms of a digital 

broadcast wave and a modulated analog signal observed in the 
digital broadcast receiving apparatus shown in FIG. 1; 

FIG. 7 is a block diagram showing the structure of an 
digital broadcast receiving apparatus according to a second 
15 embodiment of the present invention; 

FIG. 8 is a block diagram showing the structure of a 
first level detector shown in FIG. 7; 

FIG. 9 is a block diagram showing the structure of a 
first AGC signal generator shown in FIG. 7; 
20 FIG. 10 is a block diagram showing the structure of a 

second level detector shown in FIG. 7; 

FIG. 11 is a block diagram showing the structure of a 
second AGC signal generator shown in FIG. 7; 

FIG. 12 is a diagram showing waveforms of a digital 
25 broadcast wave and a modulated analog signal observed in the 

17 



digital broadcast receiving apparatus shown in FIG. 7; 

FIG. 13 is a block diagram showing the structure of a 
digital broadcast receiving apparatus according to a third 
embodiment of the present invention; 

FIG. 14 is a diagram demonstrating the operation of the 
a level decision unit shown in FIG. 13 for switching a first 
constant based on a first level signal; 

FIG. 15 is a block diagram showing the structure of a 
first AGC signal generator shown in FIG. 13; 

FIG. 16 is a diagram showing a control-voltage to 
amplitude-attenuation characteristic and a threshold voltage of 
a tuner in the digital broadcast receiving apparatus shown in FIG. 
13; 

FIG. 17 is a block diagram showing the structure of a 
digital broadcast receiving apparatus according to a fourth 
embodiment of the present invention; 

FIG. 18 is a diagram demonstrating the operation of the 
a level decision unit shown in FIG. 17 for switching a first 
constant when a first level signal is increased; 

FIG. 19 is a diagram demonstrating the operation of the 
level decision unit shown in FIG. 17 for switching a first constant 
when a first level signal is decreased; 

FIG. 20 is a diagram showing a control- voltage to 
amplitude-attenuation characteristic and first and second 
threshold voltages of a tuner in the digital broadcast receiving 

18 



apparatus shown in FIG. 17; 

FIG. 21 is a block diagram showing the structure of a 
conventional digital broadcast receiving apparatus; 

FIG. 22 is a block diagram showing the structure of a 
5 level detector shown in FIG. 21; 

FIG. 23 is a block diagram showing the structure of an 
AGC signal generator shown in FIG. 21; 

FIG. 24 is a schematic diagram sowing a square-wave 
signal when the value of a digital broadcast wave is at maximum 
10 and the value of a level signal is also at maximum in the digital 
broadcast receiving apparatus shown in FIG. 21; 

FIG. 25 is a schematic diagram showing a square-wave 
signal when the value of the digital broadcast wave is at medium 
and the value of the level signal is also at medium in the digital 
15 broadcast receiving apparatus shown in FIG. 21; 

FIG. 2 6 is a schematic diagram showing a square -wave 
signal when the value of the digital broadcast wave is at minimum 
and the value of the level signal is also at minimum in the digital 
broadcast receiving apparatus shown in FIG. 21; and 
20 FIG. 27 is a schematic diagram showing the relation 

between the digital broadcast wave and a modulated analog signal 
in the digital broadcast receiving apparatus shown in FIG. 21. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 [0046] With reference to FIGS. 1, 2, 3 # 4, 5, and 6, described 

19 



below first is a digital broadcast receiving apparatus according 
to a first embodiment of the present invention. Then, with 
reference to FIGS. 7, 8, 9, 10, 11, and 12, described is a digital 
broadcast receiving apparatus according to a second embodiment 
5 of the present invention. Then, with reference to FIGS. 13, 14, 
15, and 16, described is a digital broadcast receiving apparatus 
according to a third embodiment of the present invention . Lastly , 
with reference to FIGS. 17, 18, 19, and 20, described is a digital 
broadcast receiving apparatus according to a fourth embodiment 

10 of the present invention. 

[0047] (First embodiment) 

With reference to FIGS. 1 through 6, described below 
is the digital broadcast receiving apparatus according to the 
first embodiment of the present invention applied to receive a 

15 digital broadcast wave. Prior to that, the basic concept of the 
present invention is first described. An object of the present 
invention is to follow large frequency fluctuations over 100Hz . 
However, as in the conventional digital broadcast receiving 
apparatus Rc where the automatic gain controller AGC , the tuner 

20 2, and the A/D converter 3 form a gain control loop, delayed time 
occurring between the level detector LD and the tuner 2 is so long 
that such fluctuations over 100Hz cannot be followed. To solve 
this problem, in the present invention, a multiplier, a second 
level detector, and a second automatic gain control signal 

25 generator (hereinafter referred to as second AGC signal 



generator) are newly provided after the demodulator 7 to configure 
another automatic gain controller and, accordingly, form a gain 
control loop. Among these components, delayed time is extremely 
short, and therefore frequency fluctuations of the digital 
5 broadcast wave Srf can be sufficiently followed. 

[0048] In this respect, in the digital broadcast receiving 
apparatus RPa. according to the first embodiment of the present 
invention, the frequency -fluctuating digital broadcast wave Srf 
passes, as it is, through a first automatic controller which 

10 corresponds to the automatic gain controller AGC in the 
conventional digital broadcast receiving apparatus Rc , and is 
outputted from the demodulator 7 as a demodulated first digital 
signal. Then, the demodulated first digital signal is supplied 
to the newly provided second automatic gain controller, where 

15 frequency fluctuations thereof are substantially eliminated. 
Note that, in the digital broadcast receiving apparatus RPa 
according to the present embodiment , when the frequency of the 
digital broadcast wave Srf is 600MHz, frequency fluctuations in 
a range of approximately 600Hz can be eliminated. These 

20 fluctuations correspond to those caused in the digital broadcast 
wave Srf by an object moving at 1080km per hour. 
[0049] As shown in FIG. 1, the digital broadcast receiving 
apparatus RPa. according to the present embodiment includes the 
antenna 1 , the tuner 2 , the A/D converter 3 , a first automatic 

25 gain controller ^Cla , the demodulator 7, and a second automatic 



gain controller AGC2a . The digital broadcast wave RF transmitted 
from a broadcast station is propagated through the air, and 
received by the antenna 1 . The digital broadcast wave Srf is 
frequency- converted by the tuner 2 into a modulated analog signal 
5 SMAa. The modulated analog signal SMAa is converted by the A/D 
converter 3 into a modulated digital signal SMDa. The modulated 
digital signal SMDa is supplied to the first automatic gain 
controller AGCla and the demodulator 7 . 

[0050] The first automatic gain controller AGCla corresponds 
10 to the automatic gain controller AGC described above concerning 
the basic concept of the present invention, and is provided for 
passing the digital broadcast wave Srf as it is, with gain 
controlled but without frequency fluctuations eliminated. The 
first automatic gain controller AGCla includes a first automatic 
15 gain control signal generator (hereinafter, first AGC signal 
generator) SGla and a first level detector LDla. 
[0051] The first level detector LDla is connected to the A/D 
converter 3 for receiving the modulated digital signal SMDa. The 
first level detector LDla detects an average level of the 
20 modulated digital signal SMDa, and generates a first level signal 
SZla indicative of the detected average level. 

[0052] The first AGC signal generator SGla is connected to the 
first level detector LDla for receiving the first level signal 
SLla. The first AGC signal generator SGla generates, based on 
25 the first level signal SLla, a first gain control signal SAGla 



for appropriately controlling the gain obtained when the tuner 
2 generates the modulated analog signal SMAa from the digital 
broadcast wave Sr-f. The first AGC signal generator SGla then 
outputs the first gain control signal SAGla to the tuner 2. The 
5 structure of the first level detector LDla and the first AGC signal 
generator -S^la will be described later with reference to FIGS. 
2 and 3. 

[0053] The tuner 2 adjusts the level of the digital broadcast 
wave Srf received from the antenna 2, based on the first gain 

10 control signal SAGla supplied by the first AGC signal generator 
S^la of the first automatic gain controller AGCla . In other words , 
the modulated analog signal SMAa with its gain controlled is 
outputted from the tuner 2 to the A/D converter 3. 
[0054] As such, the modulated analog signal SMAa is gain- 

15 controlled by the first automatic gain controller AGCla, and then 
converted by the A/D converter 3 into the modulated digital signal 
SMDa. The modulated digital signal SMDa is supplied to the 
demodulator 7 and also again to the first automatic gain 
controller AGCla. Then, the first automatic gain controller 

20 ^Cla repeats the above level control processing. On the other 
hand, the demodulator 7 demodulates the modulated digital signal 
SMDa into a demodulated first digital signal SDDa. and outputs 
it to a second automatic gain controller AGCla. Note that, as 
described above, the digital modulated and demodulated signals 

25 SMDa and SDDa are generated without frequency fluctuations of the 



digital broadcast wave Srf being eliminated. 

[0055] As with the first automatic gain controller AGCla, the 
second automatic gain controller AGC2a includes a second level 
detector LD2a for generating a second level signal SL2a, a second 
5 automatic gain control signal generator (hereinafter, second AGC 
signal generator) SG2a for generating a second gain control signal 
SAG2a, and further a multiplier 8. The second automatic gain 
controller AGCla subjects the demodulated first digital signal 
SDDa to gain control processing and frequency fluctuation 
10 eliminating processing, and then outputs the resultant signal as 
a second digital signal SDMDa to the following error correction 
processing unit (not shown). 

[0056] The multiplier 8 multiples the demodulated first 
digital signal SDDa outputted from the demodulator 7 by the second 

15 gain control signal SAG2a outputted from the second AGC signal 
generator SG2a, and generates a signal SDDa * SAG2a with gain 
controlled and frequency fluctuations eliminated. Note that, as 
described above, each signal herein may be simply represented by 
a reference character as appropriate for simplification and 

20 readability. Then, the generated signal SDDa • SAG2a is fed back 
to the second level detector LD2a and also supplied to the 
following error correction processing unit as the demodulated 
second digital signal SDMDa. 

[0057] The second level detector LD2a generates the second 
25 level signal SL2a based on the signal SDDa • SAG2a supplied by 



the multiplier 8, and outputs it to the second AGC signal generator 
SG2a . The second AGC signal generator SG2a generates the second 
gain control signal SAG2a based on the second level signal SL2a 
supplied by the second level detector LD2&. These will also be 
described later in detail with reference to FIG. 5. 
[0058] With reference to FIG. 2, described next in detail is 
the above first level detector LDla. The first level detector 
LDla includes a subtractor 12, an integrator 100, a bit shifter 
15, and a first averaging coefficient provider 150al. The 
integrator 100 includes an adder 13 and a delay unit 14. From 
the modulated digital signal SMDa supplied to the first level 
detector LDla, an averaged signal n.a/2" output ted by the bit 
shifter 15 is subtracted by the subtractor 12. The resultant 
signal is supplied to the integrator 100. 

[0059] The adder 13 of the integrator 100 adds an integrated 
signal ria supplied by the delay unit 14 to the signal supplied 
by the subtractor 12, and then outputs the resultant signal to 
the delay unit 14. The delay unit 14 delays the signal received 
from the adder 13 by one control cycle t , and then outputs the 
delayed signal as the integrated signal Yla to the adder 13 and 
the bit shifter 15. 

[0060] The bit shifter 15 shifts the integrated signal Yla 
received from the delay unit 14 of the integrator 100 by the preset 
number of bits n. Then, the bit shifter 15 outputs the resultant 
signal as the averaged signal Yla/2 n to the subtractor 12, and 



as the first level signal SLla to the first AGC signal generator 
SGla. The first averaging coefficient provider 150al outputs a 
first shift bit parameter (first averaging coefficient) Nla 
defining the number of shift bits n for the bit shifter 15. 
5 [0061] Schematically shown in FIG. 2 is the processing of 
various signals generated in the first level detector L£>la in an 
arbitrary control cycle t. In the subtract or 12, the averaged 
signal n.a( t+1 ) /2 ma supplied by the bit shifter 15 is subtracted 
from the SMDa(t) supplied by the A/D converter 3, and 

10 SMDa{t) -Yla( t+1) /2 ma is generated. 

[0062] In the integrator 100, the adder 13 adds the signal 
SMDa{ t) -Yla( t+1) /2 ma supplied by the subtract or 12 to the 
integrated signal Yla(t+1) supplied by the delay unit 14 to 
generate a signal SM£>a{ t) -Yla( t+1 ) /2 ma + Yla(t+1) 

15 SMDa{ t)+n.a{ t+1) (l-2- ma ) . 

[0063] The delay unit 14 delays the signal 
SMDa{ t)+Yla{ t+1) ( l-2' ma ) by one control cycle t to generate the 
integrated signal Yla[t+1) . 

[0064] The bit shifter 15 shifts the integrated signal 
20 !T.a(£-+l) by the number of bits defined by the first averaging 
coefficient ./Via outputted from the first averaging coefficient 
provider 150al to generate the averaged signal Yla(t+l)/2 Nla . 
This averaged signal Yla( t+1) /2 ma corresponds to the average 
value of 2 ma data values of the modulated digital signal SMDa 
25 supplied to the first level detector LDla. In this sense, the 



number of shift bits n defines the number of data values required 
for the bit shifter 15 to calculate the average value. That is, 
2 n is the number of data values required for the first level 
detector LDla to calculate the average value of the received 
5 modulated digital signal SMDa., and the number of shift bits n is 
the averaging coefficient . Therefore, 2 n is hereinafter referred 
to as the number of data values for averaging. 

[0065] The first averaging coefficient provider 150al is means 
for providing the bit shifter 15 with the first averaging 

10 coefficient Nla defining the averaging coefficient n. For 
example, to calculate the average of 4096 (2 12 ) data values (2 n 
= 4096), the bit shifter 15 is supplied by the first averaging 
coefficient provider 150al with the first averaging coefficient 
Nla indicating n = 12. The bit shifter 15 then sets the value 

15 "12" indicated by the first averaging coefficient Nla as the 
averaging coefficient n. With this, the bit shifter 15 finds the 
average value of 2 12 data values of the output from the delay unit 
14, and then outputs the first level signal SLla. 
[0066] By appropriately setting the value of the averaging 

20 coefficient n, how much frequency fluctuations of the digital 
broadcast wave Srf are to be followed is controlled. The number 
of data values used for finding the average value is 4096 when 
77 = 12, 2048 when n = 11, and 1024 when n = 10. As such, the larger 
the number of shift bits is , the more the data values are required, 

25 and therefore it becomes more difficult to follow the 



frequency- fluctuating signal. 

[0067] For this reason, the number of shift bits n is set to 
be relatively large in order not to make the first automatic gain 
controller AGCL& follow the frequency fluctuations of the digital 
5 broadcast wave Srf. In the present embodiment, for setting the 
number of shift bits n to preferably be 11, the first averaging 
coefficient provider 150al outputs the first shift bit parameter 
Nla having a value of "11" to the bit shifter 15. That is, in 
the first level detector LDIa (first automatic gain controller 

10 AGCla) , 2 11 (2048) data values are used to find the average value. 
Note that the value of the first shift bit parameter Nla is 
determined based on a processing balance in the whole digital 
broadcast receiving apparatus RPa, especially in consideration 
of the frequency of the digital broadcast wave S^and the constant 

15 G. Consequently, the first shift bit parameter ./Via may take any 
appropriate value other than 11 as long as frequency fluctuations 
of the digital broadcast wave Srf can not be followed. 
[0068] With reference to FIG. 3, the above first AGC signal 
generator SGla is described next. The first AGC signal generator 

20 SGla includes a first reference value provider 16a, the subtractor 
24, the multiplier 17, a first constant provider 18al, the 
integrator 21, a first level converter LCI. the PWM 22, and the 
low-pass filter 23. The first level converter LCI includes the 
multiplier 33, the inverse coefficient provider 34, the 

25 compensation coefficient provider 46, and the adder 47. The 



integrator 21 includes the adder 19 and the delay unit 20, 
[0069] The subtractor 24 finds an error between the first level 
signal SLla provided by the first level detector LDla and the first 
reference value Rl provided by the first reference value provider 
5 16a to generate an error signal SEla. The multiplier 17 
multiplies the error signal SEla. found in the subtractor 24 by 
a first constant <Sla provided by the first constant provider 18, 
and outputs the multiplication result to the integrator 21. 
Consequently, the gain of a loop formed by the tuner 2, the first 

10 level detector LDla, and the first AGC signal generator SGla is 
adjusted. In the integrator 21, the delay unit 20 delays the 
output from the multiplier 17 by one control cycle, and then the 
adder 19 adds it to the current output. As such, the integrator 
21 integrates the output from the multiplier 17 to generate an 

15 integrated signal Zla. 

[0070] In the first level converter LCI. the multiplier 33 
multiplies the integrated signal Zla by an inverse coefficient 
™-l" received from the inverse coefficient provider 34, thereby 
inverting the polarity of the integrated signal Zla to generate 

20 -Zla. 

The adder 47 adds the first compensation coefficient 
OB supplied by the compensation coefficient provider 46 to -Zla 
supplied by the multiplier 33 to generate -Za+OB. The PWM 22 
modulates the pulse width of the signal -Za+OB supplied by the 
25 adder 47 to generate a square-wave signal Srla. The low-pass 



filter 23 extracts low-frequency components from the square-wave 
signal Srla supplied by the PWM 22 to generate the first gain 
control signal SAGla. 

[0071] In the above first AGC signal generator SGla, if the 
5 first level signal SLla having a positive value outputted from 
the first level detector LDIa is larger than a first reference 
value J?l , the error signal SEla outputted from the integrator 21 
has a positive value. By appropriately setting the value of the 
first reference value J?l , the level of the modulated analog signal 

10 SMAa supplied to the A/D converter 2 can be adjusted. That is, 
in the digital broadcast receiving apparatus RPa, the first 
reference value Rl is so determined as to arbitrarily set the 
appropriate level of the modulated analog signal SMAa. 
[0072] If the first constant Gla is set to have a relatively 

15 large value, frequency fluctuations of the digital broadcast wave 
Srf can be followed more easily. Therefore, in the present 
embodiment, the first constant G\a in the first automatic gain 
controller AGCla is preferably set to 1 so that frequency 
fluctuations of the digital broadcast wave Srf are not followed. 

20 [0073] The integrator 21 is provided for smoothly varying the 
signal <71a * SEla outputted from the multiplier 17 with time . The 
first level converter LCI is provided for normalizing the value 
of the integrated signal 21a outputted from the integrator 21 so 
that the integrated signal ,21a takes a value larger than the first 

25 reference value J?l before being processed by the PWM 22 . For this 



reason, the inverse coefficient provider 34 provides the inverse 
coefficient having a predetermined negative value to the 
multiplier 33 to invert the polarity of the integrated signal ^la. 
The compensation coefficient provider 46 provides the 
5 compensation coefficient OB having a predetermined value for 
compensating the inverted integrated signal Jla (-Zla) to be a 
positive value. 

[0074] The value of the compensation coefficient OB is 
determined based on the inverse coefficient provided by the 

10 inverse coefficient provider 34 and the number of output bits of 
the integrator 21. Now, consider the case where the inverse 
coefficient is -1, and the number of output bits is 11. In this 
case, the integrated signal Z\a takes a value in the range of -1024 
to +1023. If the output of the integrator 21 is set to 11 bits 

15 (1024) , the value of -Z+OB outputted from the adder 47 falls within 
the range of 0 to +2047. The value of -Z+OB outputted from the 
adder 47 is +1024 {OB) if the output from the integrator 21 is 
0, while falling within a range of +1025 to +2048 if negative. 
As such, the first level converter LCI is so structured as to enable 

20 correct gain control according to fluctuations of the digital 
broadcast wave Srf. In other words, the first level converter 
LCI converts the value of the integrated signal Z\a into an integer 
equal to or larger than 0. 

[0075] Described below is signal processing carried out by the 
25 first AGC signal generator SGI a in an arbitrary control cycle t. 



For the purpose of simplifying the description, the control cycle 
t may be simply referred to as " t" , and each signal may be 
represented only by its symbol herein. The subtractor 24 
subtracts the first reference value J?l provided by the first 
5 reference value provider 16a from the first level signal SLla 
supplied by the first level detector LDla to generate the error 
signal SEla( t) . 

[0076] The multiplier 17 multiplies SEla(t) received from the 
subtractor 24 by the first constant Gla received from the first 

10 constant provider 18al to generate Gla • SEla( t) . In the present 
embodiment, the first constant Gla is preferably set to 1 so that 
the frequency fluctuations of the digital broadcast wave Srf 
cannot be followed. Note that the first constant Gla is 
determined based on a processing balance in the whole digital 

15 broadcast receiving apparatus RPa, especially in consideration 
of the frequency of the digital broadcast wave Srf and the first 
number of shift bits n. Therefore, the first constant Gla can 
take any appropriate value other than 1 as long as the first 
automatic gain controller AGCla is prevented from following the 

20 frequency fluctuations of the digital broadcast wave Srf. 

[0077] In the integrator 21, the adder 19 adds the Gla • SEla(t) 
supplied by the multiplier 17 to the integrated signal Zla{t+1) 
supplied by the delay unit 20 to generate Gla * SEla( t)+Zla{ t+1) . 
[0078] The delay unit 20 delays Gla • SEla( t) +Zla{ t+1 ) 

25 received from the adder 19 by one control cycle t to generate 



the integrated signal Zla(t+1) . 

[0079] In the first level converter LCI , the inverse 
coefficient provider 34 multiplies the integrated, signal Zla{ t+1 ) 
received from the adder 19 by the inverse coefficient 11 -1" 
5 received from the inverse coefficient provider 34 to generate 
-Zla{ t+1) . 

[0080] The adder 47 adds -Zla{t+1) supplied by the multiplier 
33 to the compensation coefficient OB provided by the compensation 
coefficient provider 46 to generate -Jfla( t+1) +OB. 

10 [0081] The PWM 22 converts the pulse width of -Zla{ t+1 )+OB 
supplied by the first level converter LCI to generate the 
square-wave signal 5rla. The low-pass filter 23 extracts 
low-frequency components from the square-wave signal Srla 
supplied by the PWM 22 to generate the first gain control signal 

15 SAGla at a desired stable level. 

[0082] With reference to FIG. 4, the above second level 
detector LDIa is described next. The second level detector LD2a 
is similar in structure to the first level detector LDIa already 
described with reference to FIG. 2. However, in the second level 

20 detector LDIa, a second averaging coefficient provider 150a2 is 
provided in place of the first averaging coefficient provider 
150al, and a demodulated second digital signal SDMDa is provided 
in place of the modulated digital signal SMDa. Therefore, mainly 
described herein are features unique to the second level detector 

25 LDIa, and similar features are not described herein. 



[0083] As with the first averaging coefficient provider 150al, 
the second averaging coefficient provider 150a2 outputs a second 
shift bit parameter N2& defining the number of shift bits n of 
the bit shifter 15. That is, the second averaging coefficient 
5 provider 150a2 defines the averaging coefficient n in the second 
level detector LDla. However, in the second automatic gain 
controller AGCIa. to follow the frequency fluctuations of the 
received demodulated second digital signal SDMDa, the number of 
shift bits n is preferably set equal to or smaller than the first 

10 shift bit parameter Nla. In other words, the second shift bit 
parameter JV2a and the first shift bit parameter Nla have a relation 
represented by the following equation (1). 

^la N2a (1) 

[0084] As can be seen from the above equation (1) , the second 

15 shift bit parameter N2a can take the same value as the first shift 
bit parameter Nla. This is established based on the balance among 
the first constant Gla, a second constant G2a (will be described 
later) , and the frequency of the digital broadcast wave Srf. Nla 
= N2a tends to be established especially when the number of shift 

20 bits n is relatively small {n is equal to or smaller than 8, for 
example) . In the present embodiment, by way of example only, Nal 
is set to 11, and Na2 is to 8. If Nla is 11, the average value 
can be found by the first level detector LDla using 2 11 (2048) 
data values. If Nla is 8, the average value can be found by the 

25 second level detector LDla using 2 8 (256) data values. 



[0085] Briefly described below is signal processing carried 
out in the second level detector LD2a in an arbitrary control cycle 
t. The subtractor 12 subtracts the averaged signal Y2a{t+1) /2 ma 
supplied by the bit shifter 15 from the demodulated second digital 
5 signal SDMDa (SDDa • SAG2a) with gain controlled by the second 
automatic gain controller AGC2a outputted from the multiplier 8 
to generate SDMDa{ t) -Y2a{ t+1 ) /2 m *. In this case, to follow the 
frequency fluctuations of the demodulated second digital signal 
SDMDa, the second shift bit parameter N2a is set to 8. 

10 [0086] In the integrator 100, the adder 13 adds SDMDa { t) - 
¥2a(t+l)/2 ma supplied by the subtractor 12 to the integrated 
signal Y2a{t+1) supplied by the delay unit 14 to generate 
SDMDa( t)-Y2a(t+l)/2 N2a + Y2a(t+1) = SDMDa{ t)+Y2a{ t+1) (l-2^ a ) . 
[0087] The delay unit 14 delays SDMDa{ t ) +.K2a( t+1 ) ( 1-2 _A2a ) 

15 received from the adder 13 by one control cycle t to generate the 
integrated signal Y2a( t+1) . 

[0088] The bit shifter 15 shifts Y2a(t+1) received from the 
delay unit 14 by the number of bits defined by the second averaging 
coefficient 7V2a outputted from the second averaging coefficient 

20 provider 150a2 to generate the averaged signal Y2a{ t+1 ) /2 N2a . 
This averaged signal Y2a{ t+1 ) /2 ii2a corresponds to the average 
value found based on 2^ a data values of the demodulated second 
digital signal SDMDa supplied to the second level detector LD2a. 
[0089] With reference to FIG. 5, the above second AGC signal 

25 generator SG2a is described next . The second AGC signal generator 



SG2a is similar in structure to the first AGC signal generator 
SGla already described with reference to FIG. 3. That is, the 
first reference value provider 16a of the first AGC signal 
generator SGla is replaced with a second reference value provider 
5 26; the first constant provider 18al with a second constant 
provider 18a2; the first level converter LCI with a second level 
converter LC2-. and the PWM 22 and the low-pass filter 23 with an 
error set unit 50, a level decision unit 51, a switch 52, and a 
divider 53. Also, in the second AGC signal generator SG2.&, the 
10 second level signal SL2a is supplied in place of the first level 
signal SLla. Therefore, mainly described herein are features 
unique to the second AGC signal generator SGla, and other matters 
are not described unless otherwise required. 

[0090] The second reference value provider 26 outputs a second 
15 reference value R2 to the subtractor 24. The second reference 
value R2 can adjust the demodulated second digital signal SDMDa 
to a desired level. That is, the second reference value R2 is 
so determined as to arbitrarily set the level of the modulated 
analog signal SMAa that is appropriate in the digital broadcast 
20 receiving apparatus RPa. 

[0091] The second constant provider 18a2 outputs the second 
constant G2a to the subtractor 24. Note that, in the first 
automatic gain controller AGC2a, the second constant G2a is set 
relatively large to follow the frequency fluctuations of the 
25 received demodulated second digital signal SDMDa. In the present 



embodiment, the first constant Gla is preferably set to 1, while 
the second constant G2a to 16. The first and second constants 
Gla and G2a have a relation represented by the following equation 
(2). 

5 Gla < G2a (2) 

[0092] As with the first level converter LCI , the second level 
converter LC2 includes the multiplier 3, the inverse coefficient 
provider 34, and the adder 47, and further includes a gain set 
range coefficient provider 48 in place of the compensation 

10 coefficient provider 46 . The gain set range coefficient provider 
48 supplies to the adder 47 a gain set range coefficient GRS for 
setting the gain in the multiplier 8 in a desired range. This 
gain set range coefficient GRS will be described later. 
[0093] The subtractor 24 finds an error between the second 

15 level signal SL2a outputted from the second level detector LD2a 
and the second reference value i?2 provided by the second reference 
value provider 26 to generate a second error signal SE2a. 

The multiplier 17 multiplies the second error signal 
SE2a received from the subtractor 24 by G2a provided by the second 

20 constant provider 28 to generate G2a • SE2a for output to the 
integrator 21. Consequently, the gain of a loop formed by the 
multiplier 8, the second level detector LD2a, and the second AGC 
signal generator SG2a is adjusted. 

[0094] The integrator 21 integrates <72a * SE2a by delaying, 
25 in the delay unit 20, G2a • SE2a received from the multiplier 17 



through the adder 19 by one control cycle, and then adding, in 
the adder 19, the result to the current output from the multiplier 
17. 

[0095] The multiplier 33 multiplies the integrated signal Zla. 
5 received from the integrator 21 by M -l" provided by the inverse 
coefficient provider 34 to invert the polarity of the signal, 
thereby generating -Z2a. 

[0096] The adder 47 adds -Z2a received from the multiplier 33 
to GRS (256 in the present embodiment) provided by the gain set 
10 range coefficient provider 48 to output -Z2a+GKS{ 256 ) to the level 
decision unit 51 and the switch 52. 

[0097] The level decision unit 51 decides the level of - 
Z2a+GJ?S( 256 ) outputted from the adder 45 to generate a level 
decision signal indicating the decision result. Note that, in 

15 the present embodiment, the level decision unit 51 compares the 
value of -Z2a+GJ?S(256) with a threshold 0, and generates a binary 
level decision signal Ssw identifying either that the value is 
equal to or smaller than 0 or that the value is larger than 0 . 
[0098] The switch 52 is connected to an output port of the adder 

20 47, an output port of the error set unit 50, an input port of the 
divider 53, and an output port of the level decision unit 51. 
Based on the level decision signal Ssw outputted from the level 
decision unit 51, the switch 52 selects either one of the output 
ports of the adder 47 or the error set unit 50 for connection to 

25 the input port of the divider 53. 



[0099] As a result, either one of a value "1" supplied by the 
error set unit 50 or -Z2a+GRS{256) supplied by the adder 47 is 
inputted to the subtractor 53. In more detail, the switch 52 
supplies -Z2a+GRS outputted from the adder 47 to the divider 53 
5 if -Z2a+GRS is positive, while supplying "1" outputted from the 
error set unit 50 thereto if negative. 

[0100] The divider 53 divides -Z2a+GRS{ 256 ) outputted from the 
switch 52 or "1" outputted from the error set unit 50 by "256" 
provided by the gain set range coefficient provider 48, and 

10 outputs the result as a second gain control signal SAG2a. 

[0101] The gain set range coefficient GRS is now briefly 
described. The gain set range coefficient GRS is so determined 
as to set the gain in the multiplier 8 in a desired range. When 
the inverse coefficient is -1 and the number of output bits of 

15 the integrator 21 is 11, the integrated signal Z2a takes a value 
in a range of -1024 to +1023. When the gain set range coefficient 
GRS is exemplarily set to 8 bits (256), the value of -Z2a+GRS 
outputted from the multiplier 33 falls within a range of -768 to 
+ 1279. If the level decision unit 51 decides - Z2a+ GRS as positive , 

20 -Z2a+GRS is outputted as it is to the divider 53. 

[0102] On the other hand, if decided as negative, "1" supplied 
by the error set unit 50 is outputted to the divider 53 instead 
of -Z2a+GRS . That is, the output from the switch 52 takes a value 
in a range of 1 to 1279. As a result, the divider 53 divides the 

25 value in the range of 1 to 1279 by the gain set range coefficient 



GRS (256) to generate the second gain control signal SAGla. having 
a value in a range of 1/256 to 1279/256. That is, the controlled 
gain in the multiplier 8 can be set in a range of 1/256 
(approximately 0) to 1279/256 (approximately 5). As such, the 
5 gain set range can be adjusted by arbitrarily setting the gain 
set range coefficient GRS with respect to the number of output 
bits of the integrator 21. 

[0103] The number of output bits, the gain set range 
coefficient GRS , and other parameters may take arbitrary values 

10 other than those exemplarily described above. If the present 
apparatus is actually brought to the market , it is preferable to 
set the number of output bits of the integrator 21 to 15 (-16384 
to +16383) and the gain set range coefficient GRS to 9 bits (1024) . 
In this case, the gain set range is from 1/1024 (approximately 

15 0) to 16383/1024 (approximately 16) . With such setting, the first 
automatic gain controller AGC2a can normally operate even if a 
large interference wave of an adjacent channel approximately 16 
times larger than the digital broadcast wave is supplied to the 
first automatic gain controller AGC2a. 

20 [0104] Briefly described below is signal processing carried 
out by the second AGC signal generator SG2a in an arbitrary control 
cycle t. The subtracter 24 subtracts the second reference value 
R2 provided by the second reference value provider 2 6 from the 
second level signal SL2a supplied by the second level detector 

25 LD2a to generate the second error signal SE2a{ t) . 



The multiplier 17 multiplies the second error signal 
SBZait) outputted from the subtractor 24 by the second constant 
G2a outputted from the second constant provider 18a2 to generate 
d72a • SE2a{ t) . 

5 [0105] In the integrator 21, the adder 19 adds G2a * SE2a(t) 
supplied by the multiplier 17 to the integrated signal if2a(t+l) 
outputted from the delay unit 20 to generate G2a * SE2a(t)+ 
Z2a(t+1) . As described above, to follow the frequency 
fluctuations of the demodulated second digital signal SDMDa , the 

10 second constant G2a is set to be relatively large value (16). 
[0106] The delay unit 20 delays G2a. ' SE2a( t) +Z2a{ t+1 ) by one 
control cycle t to generate the integrated signal X2a( t+1) . In 
the second level converter LC2 , the multiplier 33 multiplies the 
integrated signal ^2a( t+1) received from the delay unit 20 by the 

15 inverse coefficient "-1" received from the inverse coefficient 
provider 34 to generate -Z2a{t+1) . 

[0107] The adder 47 adds the gain set range coefficient GRS 
(256, in the present embodiment) to -^2a(t+l) to generate - 
^2a(t+l) +GRS. 

20 [0108] The level decision unit 51 generates the level decision 
signal Ssw indicating whether -^2a( t+1 ) +GJ?S supplied by the adder 
4 7 of the second level converter LC2 is not more than 0, and output 
the signal to the switch 52. 

In response to the level decision signal Ssw from the 

25 level decision unit 51, the switch 52 selectively outputs, to the 



divider 53, -Z2a( t+1) +GJ?S supplied by the adder 47 or "1" supplied 
by the error set unit 50. 

[0109] That is, the second AGC signal generator SG2a finds an 
error (the second error signal SEla) between the signal level 
5 found by the second level detector LD2a (second level signal SL2a) 
and the second reference value R2 for controlling the level of 
the second gain control signal SAG2a to a desired level. Then, 
the second error signal SE2a is multiplied, in the multiplier 17, 
by the second constant 62a for determining the loop gain in the 

10 second automatic gain controller AGC2a. The multiplication 
result then goes through the adder 19 and the delay unit 20 that 
form the integrator 21; the multiplier 33 forming an inverting 
circuit with the constant provided thereto; the adder 47; 

the switch 52; and the divider 53, and then fed back to the 

15 multiplier 8. 

[0110] In the case where the output of the integrator 21 is 
11, the integrated signal ^2a outputted therefrom takes a value 
in a range of -1024 to +1023. In the case where the gain set range 
coefficient GES is set to 256, -^"2a+256 from the adder 47 becomes 

20 equal to or smaller than 255. That is, if the second level signal 
SL2a outputted from the second level detector LD2a is larger than 
the second reference value R2 , the output value from the adder 
47 becomes equal to or smaller than 255. The switch 52 outputs 
"1" if -^"2a+256 outputted from the adder 47 is equal to or smaller 

25 than 0, while outputting -^2a+256 if positive. Therefore, after 



division by 256 in the divider 53, the output therefrom, that is, 
the second gain control signal SAG2a., takes a value in a range 
of 1/256 to 255/256, and is supplied to the multiplier 8. 
Consequently, the demodulated second digital signal SDMDa. 
5 outputted from the multiplier 8 is smaller in value than the 
demodulated digital signal SDDsl received thereby. 
[0111] If the value of the second level signal SL2a outputted 
from the second level detector LD2a. is equal to the second 
reference value R2, the error signal SE2& outputted from the 

10 subtractor 24 is 0. Therefore, the multiplier 17 supplies G2a • 
SE2a. having 0 value to the integrator 21. The integrator 21 adds 
up SE2&. calculated for each time, and outputs 0. The output of 
the integrator 21 is represented by a value in a range of -1024 
to +1023. The output of the multiplier 33 is 0, and the output 

15 of the adder 47 is 0+256 = 256. 

[0112] In other words, if the second level signal SL2a. 
outputted from the second level detector LD2a is equal in value 
to the second reference value R2 , the output from the adder 47 
takes a value of 256. The switch 52 outputs "1" if the output 

20 of the adder 47 is not more than 0, while outputting the output 
value of the adder 47 if positive. Therefore, when the adder 47 
outputs 256, the divider 53 divides the output of the switch 
circuit 52, that is, 256, by 256 to produce "1" for output to the 
multiplier 8 . Thus , the demodulated second digital signal SDMDa. 

25 outputted from the multiplier 8 becomes equal in value to the 



demodulated digital signal SDDa received thereby. 
[0113] On the other hand, if the second level signal SL2a is 
smaller in value than the second reference value R2, the second 
error signal SE2a from the subtractor 24 has a negative value. 
5 The multiplier 17 multiplies the negative value by the second 
constant G2a to produce G2a • SE2a having a negative value for 
output to the integrator 21. The integrator 21 adds up the error 
signals calculated for each time, and outputs the integrated 
signal Z2a. The output of the integrator 21 is represented by 
10 a value in a range of -1024 to +1023. The output of the multiplier 
33, that is, -^2a, takes a value in a range of -1023 to +1024. 
Therefore, -Z2a+GRS (256) outputted from the adder 4 7 takes a 
value equal to or smaller than 255. 

[0114] In other words, if the second level signal SL2a. 

15 outputted from the second level detector LD2a is larger in value 
to the second reference value R2 , the output from the adder 47 
takes a value larger than 256. The switch 52 outputs "1" if 
- Z2a+ GRS (equal to or smaller than 255) outputted from the adder 
47 is not more than 0, while outputting -Z2a+GRS (equal to or 

20 smaller than 255) if positive. Therefore, when the divider 53 
divides the output of the switch circuit 52 by 256, the result 
takes a value of 1/256 to ( 1023+256 ) /256 , and is supplied as the 
second gain control signal SAG2a to the multiplier 8. Thus, the 
multiplier 8 outputs the demodulated second digital signal SDMDa 

25 larger in value than the demodulated digital signal SDDa 



[0115] With reference to FIG. 6, a relation between the digital 
broadcast wave Srf supplied to the tuner 2 and the modulated analog 
signal SMAa outputted therefrom is now described. In FIG. 6, 
envelope waveforms of the digital broadcast wave Srf and the 
modulated analog signal SMAa are schematically illustrated. 
[0116] As described above, in the first AGC signal generator 
S^la, the first constant provider 18al provides the first constant 
Gla having a relatively small value ("1", for example) to the 
multiplier 17. As a result, the digital broadcast wave Srf is 
controlled only in level to a predetermined value without any 
change in oscillation amplitude and oscillation frequency, and 
the modulated analog signal SMAa. outputted from the tuner 2 is 
so controlled as never to follow the level fluctuations of the 
level-fluctuating signal at the tuner 2. 

For following the level fluctuations of the digital 
broadcast wave Srf, by way of example only, 4096 (Nla = 12) data 
values are used for level detection by the bit shifter 15 of the 
first level detector LDla; 128 (7V2a = 7) data values are used for 
level detection by the bit shifter 15 of the second level detector 
LDla; the first constant Gla. of the first AGC signal generator 
SGla is set to 1; and the second constant G2a of the second AGC 
signal generator SG2a is set to 16. 

[0117] In a system which controls the gain of the tuner by a 
control voltage from the first automatic gain controller AGCla 
(first gain control signal SAGla) . a long delay time occurs while 



the detection result of the first level detector LDla goes through 
the first automatic gain controller AGCla. to the tuner 2. On the 
other hand, a delay time occurring while the detection result of 
the second level detector LD2& goes through the second automatic 
gain controller AGC2& to the multiplier 8 is extremely short. 
Thus, it has been confirmed through experiments that the second 
automatic gain controller AGC2a can follow frequency fluctuations 
larger than those followable by the first automatic gain 
controller AGC1&. Therefore, the first automatic gain 
controller ^G*71a is so structured as never to follow 
frequency- fluctuating signals , and only the second automatic gain 
controller AGC1&. follows such signals. 

[0118] In the above conventional digital broadcast receiving 
apparatus Re only the automatic gain controller AGC is used to 
follow the digital broadcast wave ^fluctuating in frequency over 
100Hz . For this reason, a relatively small number of data values , 
128 (n=7) values, for example, are used for level detection by 
the bit shifter 15 of the level detector LD. Here, if the constant 
G of the AGC signal generator is set larger (256, for example), 
the gain of the loop between the tuner 2 and the automatic gain 
controller AGC becomes so large as to cause the modulated digital 
signal SMD outputted from the tuner 2 to oscillate . In other words , 
the frequency fluctuations of the modulated digital signal SMD 
become too large to enable demodulation in the demodulator 7 . The 
present embodiment, however, can solve such problem unique to the 
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conventional digital broadcast receiving apparatus Rc. 
[0119] Furthermore, in the present embodiment, two automatic 
gain controllers are provided: the first automatic gain 
controller AGCla for controlling the tuner 2 and the second 
5 automatic gain controller AGC2a for control all in digital. In 
the first automatic gain controller, parameters not being able 
to follow frequency fluctuations at all are selected, while 
parameters capable of following them are selected only in the 
second automatic gain controller. With such structure, it has 
10 been experimentally confirmed that frequency fluctuations of up 
to 580Hz can be followed. 

[0120] In the above structured digital broadcast receiving 
apparatus RPa, the following components have features unique to 
the present embodiment and also those common to the other 

15 embodiments of the present invention: the modulated analog 
signal SMA, the modulated digital signal SMD . the demodulated 
first digital signal SDD , the demodulated second digital signal 
SDMD, the first automatic gain controller ^<S*71a, the first AGC 
signal generator SGla, the first level detector L£>la, the first 

20 level signal SLla, the first gain control signal SAGIa, the second 
automatic gain controller AGCla, the second level detector L£>2a, 
the second AGC signal generator SG2a, the averaged signal Yla, 
the first shift bit parameter Nla. the first error signal S^la, 
the first constant Gla, the integrated signal ^la, the square- wave 

25 signal -Srla, the averaged signal Y2a, the second shift bit 



parameter N2a, the second error signal SEIa, the second constant 
G2a, and the integrated signal Z3a. Therefore, each component 
is represented by a reference character with a suffix provided 
thereto for indicating a feature unique to each embodiment. In 
the above description, a suffix "a" indicates that the component 
is unique to the first embodiment. Similarly, in second, third, 
and fourth embodiment described below, suffixes "b", "c" , and"d", 
respectively, indicate that the component is unique to respective 
embodiment. Components common to those embodiments are 
represented only by reference characters without any suffix. 
[0121] (Second embodiment) 

With reference to FIGS. 7 through 12, described below 
is the digital broadcast receiving apparatus according to the 
second embodiment of the present invention exemplarily applied 
to receive a digital broadcast wave. Prior to that, the basic 
concept of the present embodiment is first described. In the 
above digital broadcast receiving apparatus RPa according to the 
first embodiment, when the digital broadcast wave RF including 
noise components over a predetermined value (for example, C/N is 
under 17 . 5dB) is received, the modulated digital signal SMDa used 
for demodulation in the demodulator 7 always fluctuates in level. 
This reduces the demodulation capability of the demodulator 7. 
[0122] More specifically, the demodulator 7 performs 
automatic frequency control at demodulation. The automatic 
frequency control is a process for generating an error signal 
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through frequency error detection based on an input signal, and 
correcting the frequency error based on the generated error signal. 
However, if the input signal fluctuates in level, the detected 
frequency error fluctuates accordingly. If the digital 
broadcast wave Srf is in good condition, this frequency error 
fluctuation does not pose a significant problem. If the digital 
broadcast wave Sirfis in bad condition with noise and other factors 
added thereto, however, the frequency error fluctuation 
significantly reduces the demodulation capability of the 
demodulator 7 . 

[0123] In other words, in the digital broadcast receiving 
apparatus RPa, if the input signal fluctuates in frequency within 
100Hz, the demodulator 7 can receive a signal without frequency 
fluctuation. The demodulator 7 detects the error between the 
received signal and the reference value for demodulation. If the 
received signal cyclically fluctuates, the detected error signal 
fluctuates accordingly. The frequency-fluctuating signal with 
small amount of noise does not cause an error in the demodulator 
7. However, the frequency-fluctuating signal with large amount 
of noise causes an error in the demodulator 7. Specifically, the 
digital broadcast wave RF fluctuating in frequency within 100Hz 
with noise at the C/N ratio under 17.5db causes an error at 
automatic frequency control in the digital broadcast receiving 
apparatus RPa. . 

[0124] In this respect, in a digital broadcast receiving 



apparatus RFo according to the second embodiment of the present 
embodiment, a first automatic gain controller ^^Clb corresponding 
to the first automatic gain controller AGCla. of the digital 
broadcast receiving apparatus KPa. eliminates frequency 
fluctuations as much as possible from the digital broadcast wave 
Srf. Then, a second automatic gain controller AGC2X> 
corresponding to the second automatic gain controller AGC2& 
further eliminates the remaining frequency fluctuations . By way 
of example only, the first automatic gain controller AGCVo 
eliminates low-frequency fluctuations under 100Hz, and then the 
second automatic gain controller AGCTq eliminates high-frequency 
fluctuations between 100Hz to 300Hz. 

[0125] In the digital broadcast receiving apparatus RPo 
according to the present embodiment, when the frequency of the 
digital broadcast wave Srf is 600MHz, frequency fluctuations of 
approximately 300Hz can be eliminated. These frequency 
fluctuations are equivalent to those caused by an object moving 
at 480Km per hour toward the digital broadcast wave Srf. 
Consequently, in the present embodiment, an error at automatic 
frequency control can be prevented for a signal at the C/N ratio 
under 17dB. Therefore, although followable frequency 

fluctuations in the second embodiment are smaller than those in 
the first embodiment, the C/N ratio can be improved by 
approximately 0 . 5dB . 

[0126] As shown in FIG. 7, the digital broadcast receiving 

50 



apparatus RPh according to the present embodiment is similar in 
structure to the digital broadcast receiving apparatus RPa shown 
in FIG. 1, except that the first automatic gain controller AGCVo 
is provided in place of the first automatic gain controller AGC1&, 

5 and the second automatic gain controller AGCTo is provided in 
place of the second automatic gain controller AGC2a. The first 
automatic gain controller AGClb includes a first level detector 
LDVo and a first AGC signal generator SGVo , while the second 
automatic gain controller includes a second level detector LDTo 

10 and a second AGC signal generator SG2b . 

[0127] Mainly described below are features unique to the 
present embodiment. In the drawings, each component, signal and 
parameter unique to the present embodiment is represented and 
identified by a reference character with the suffix "b" added 

15 thereto. The same components and operations as those of the above 
first embodiment are not described herein. 

[0128] In FIG. 8, the structure of the first level detector 
LDVo is shown. The first level detector LDVo is similar in 
structure to the first level detector LDla shown in FIG. 2 except 

20 that a first averaging coefficient provider 150bl is provided in 
place of the first averaging coefficient provider 150al. As with 
the first averaging coefficient provider 150al, the first 
averaging coefficient provider 150bl outputs a first shift bit 
parameter Nib to the bit shifter 15. 

25 [0129] In the present embodiment, the first shift bit 



parameter Nib is set slightly smaller than the first shift bit 
parameter iVla of the first level detector LDIa. according to the 
above first embodiment. This is to enable the first automatic 
gain controller AGCVo to follow frequency fluctuations of the 
5 received digital broadcast wave Srf to some extent (under 100Hz, 
for example). In the present embodiment, the first shift bit 
parameter ^Vlb is preferably set to 8. 

[0130] Therefore, the first shift bit parameter Nib and the 
first shift bit parameter Nla have a relation represented by the 

10 following equation (3). 

Nla 2= Nib (3) 

[0131] As can be seen from the above equation (3), the first 
shift bit parameter Nib can take the same value as that of the 
first shift bit parameter Nl a . Such relation is established based 

15 on the balance between first and second constants Gib and G2b 
described later and the frequency of the digital broadcast wave 
Srf. If the first shift bit parameter Nib is 8, the average value 
can be found in the first level detector LDlb using 2 8 (256) data 
values. Consequently, the first automatic gain controller AGC2a 

20 can carry out gain control following frequency fluctuations of 
the digital broadcast wave Srf more, compared with the first 
automatic gain controller AGCla whose first shift bit parameter 
Nla is 11. 

[0132] In FIG. 9, the structure of the first AGC signal 
25 generator SGlb is shown. The first AGC signal generator SGlb is 



similar in structure to the AGC signal generator SGla shown in 
FIG. 3 except that a first constant provider 18bl is provided in 
place of the first constant provider 18al. As with the first 
constant provider 18al, the first constant provider 18bl outputs 
5 a first constant Gib to the multiplier 17. In the present 
embodiment, the first constant Gib is set larger than the first 
constant Gla of the first AGC signal generator SGla. according to 
the above first embodiment. This is to enable the first automatic 
gain controller AGClb to follow frequency fluctuations of the 
10 received digital broadcast wave Srf to some extent (under 100Hz, 
for example). In the present embodiment, the first constant GVo 
is preferably set to 8 . 

[0133] Therefore, the first constant Gib and the first 
constant Gla have a relation represented by the following equation 
15 (4). 

Gla < Gib (4) 

[0134] As stated above, the first shift bit parameter Nib and 
the first constant Gib are set to values more followable to 
frequency fluctuations of the digital broadcast wave Srf, 

20 compared with the first shift bit parameter Nla and the first 
constant Gla respectively corresponding thereto. Consequently 
generated is a first gain control signal SAGlb more followable 
to frequency fluctuations of the digital broadcast wave Srf 
compared with the first gain control signal SAGla, and supplied 

25 to the tuner 2. 



[0135] Then, with the gain controlled by this gain control 
signal SAGVa , the tuner 2 generates a modulated analog signal SMAX> 
more followable to frequency fluctuations of the digital 
broadcast wave Srf for output to the demodulator 7 . As described 
5 above, this modulated analog signal SMAb is a signal whose 
frequency fluctuations under 100Hz are eliminated. 
[0136] The A/D converter 3 converts the modulated analog 
signal SMAh supplied by the tuner 2 to a modulated digital signal 
SMDX), and outputs it to the first automatic gain controller AGC1\> 

10 and the demodulator 7 . The first automatic gain controller AGC±Y> 
generates, based on the modulated digital signal SMDb , the first 
gain control signal SAGVo in the above described manner. The 
demodulator 7 demodulates the modulated digital signal SMDb to 
generate a demodulated first digital signal SDDb , and outputs it 

15 to the second automatic gain controller AGC2h . 

[0137] In FIG. 10, the structure of the second level detector 
ZD2h is shown. The second level detector ££>2b is similar in 
structure to the second level detector LDIa. shown in FIG. 4 , except 
that a second averaging coefficient provider 150b2 is provided 

20 in place of the second averaging coefficient provider 150a2. As 
with the second averaging coefficient provider 150a2, the second 
averaging coefficient provider 150b2 outputs a second shift bit 
parameter NTo to the bit shifter 15. 

[0138] In the present embodiment, the second automatic gain 
25 controller AGC2b has to follow frequency fluctuations under 300Hz 



of the digital demodulated signal SDMDb whose frequency 
fluctuations under 100Hz have been eliminated. Therefore, the 
second shift bit parameter Nib is set smaller than the first shift 
bit parameter Nla in the first AGC signal generator S^la according 
to the above first embodiment. Note that, in the present 
embodiment, the second shift bit parameter Nib is preferably set 
to 8. The second shift pit parameter N2b is preferably set to 
the same value as to the first shift bit parameter Nib. In the 
present example, the first shift bit parameter Nib is set to 8 
as the first shift bit parameter Nla. 

[0139] Therefore, the second shift bit parameter N2b , the 
first shift bit parameter Nib, and the first shift bit parameter 
Nla in the digital broadcast receiving apparatus RPa according 
to the above first embodiment have a relation represented by the 
following equations (5) and (6). 

iVla ^ Nib (5) 

.Via ^ Nib (6) 

[0140] Consequently, if the first shift bit parameter Nib is 
8, the average value can be found by the second level detector 
LDlb using 2 8 (256) data values in a similar manner to that in 
the first level detector LDlb. Therefore, generated is a second 
level signal SLlb followable to frequency fluctuations of the 
digital demodulated signal SDMDb to a degree achieved by the first 
automatic gain controller AGClb whose first shift bit parameter 
Nla is 8. 
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[0141] In FIG. 11, the structure of the second AGC signal 
generator SGTo is shown. The second AGC signal generator SG2b 
is similar in structure to the second AGC signal generator SG2a 
shown in FIG. 5, except that a second constant provider 18b2 is 
5 provided in place of the second constant provider 18a2. As with 
the first constant provider 18bl , the second constant provider 
18b2 outputs a second constant G2b to the multiplier 17. 
[0142] In the present embodiment, the second automatic gain 
controller AGCTa should follow frequency fluctuations under 300Hz 

10 of the digital signal SDMDb whose frequency fluctuations under 
100Hz have been eliminated. Therefore, the second constant G2b 
is set larger than the first constant Gla and smaller than the 
second constant G2a both in the first AGC signal generator 561a 
according to the above first embodiment. Alternatively, the 

15 second constant G2b may be set larger than the first constant <Sla 
and the first constant Gib in the first automatic gain controller 
AGClb according to the second embodiment. Preferably, the second 
constant <?2b is set to 16, as with the second constant G2a. 
[0143] The second constant <S2b, the first constant Gib, and 

20 the first and second constants Gla and G2a in the digital broadcast 
receiving apparatus RPa according to the above first embodiment 
have a relation represented by the following equations (7) and 
(8) . 

Gla < Gib < G2a (7) 

25 Gla < Gib < G2b (8) 



[0144] As stated above, the second shift bit parameter JV2b and 
the second constant G2b are set to values more followable to 
frequency fluctuations of the digital SDMDb , compared with the 
first shift bit parameter .A/lb and the first constant Gib in the 
5 first automatic gain controller AGCVd. As a result, generated 
is a second gain control signal SAG2b having a value more 
followable to high-frequency fluctuations than that of the first 
gain control signal SAGlb , and is output ted to the multiplier 8. 
Therefore, frequency fluctuations of 100Hz to 300Hz that have not 
10 yet been eliminated by the first automatic gain controller AGCVa 
can be eliminated. 

[0145] In the present embodiment, when the frequency- 
fluctuating digital broadcast wave Srf is supplied to the tuner 
2, a relatively small number of data values, 128 (Nib = 7) values, 

15 for example, are used for level detection by the bit shifter 15 
of the first level detector LDlb. On the other hand, the first 
constant Gib of the first AGC signal generator SGVo is set 
relatively large (8, for example). Consequently, as can be seen 
from the digital broadcast wave Srf and the modulated analog 

20 signal SMAb shown in FIG. 12, the first automatic gain controller 
AGClb controls only the level of the whole signal to a 
predetermined value, and follows the frequency- fluctuating 
signal as much as possible. 

[0146] Then, a relatively small number of data values , 128 (NTo 
25 =7) values, for example, are used for level detection by the bit 



shifter 15 of the second, level detector LD2X> . On the other hand, 
the second constant G2b of the second AGC signal generator SG2h 
is set relatively large (8, for example), thereby enabling the 
second automatic gain controller AGC2b to follow the remaining 
5 frequency and amplitude fluctuations that have not yet been 
eliminated by the first automatic gain controller AGClh. 
[0147] In other words, in the present embodiment, frequency 
and amplitude fluctuations of the frequency- fluctuating signal 
are followed as much as possible for reduction by the first 

10 automatic gain controller AGClh, and then the remaining 
fluctuations are followed by the second automatic gain controller 
AGC2b. In the conventional structure, only the frequency 
fluctuations under 100Hz can be followed. In the present 
embodiment, however, two automatic gain controllers are provided: 

15 the first automatic gain controller for controlling the tuner 2 
and the second automatic gain controller for digital control . For 
each automatic gain controller, parameters are selected to follow 
frequency fluctuations . Therefore, frequency fluctuations of up 
to 300Hz can be followed if the digital broadcast wave Srf at the 

20 C/N ratio under 17dB. 

[0148] (Third embodiment) 

Described below is the digital broadcast receiving 
apparatus according to the third embodiment of the present 
invention exemplar ily applied to receive a digital broadcast wave . 

25 Prior to that, with reference to FIG. 16, the basic concept of 



the present embodiment is first described. In FIG. 16, a 
control-voltage to amplitude- attenuation characteristic of the 
tuner 2 is illustrated. In FIG. 16, the lateral axis represents 
a control voltage of the tuner 2, and the vertical axis represents 
5 the amplitude attenuation of the tuner 2 with respect to the 
control voltage. A solid line LVA represents the control-voltage 
to amplitude-attenuation characteristic. As can be seen from the 
drawing, the characteristic is abruptly and significantly changed 
at a predetermined control voltage (in the present example, in 

10 the vicinity of approximately 2.4V). 

[0149] Such control voltage at which the control-voltage to 
amplitude -attenuation characteristic LVA is significantly 
changed is hereinafter referred to as a threshold voltage Vth , 
and represented by a two-dotted line L. That is, the tilt of the 

15 control-voltage to amplitude-attenuation characteristic LVA is 
significantly changed in the vicinity of the threshold voltage 
Vth. For better readability, the tilt of the control-voltage to 
amplitude- attenuation characteristic LVA in control voltages 
higher than the threshold voltage Vth is approximated by a 

20 one-dotted line LS, while the tilt thereof in control voltages 
lower than the threshold voltage Vth is by a one-dotted line LL. 
[0150] As can be seen from the drawing, the tilt of the 
control-voltage to amplitude- attenuation characteristic LVA is 
significantly changed at the threshold voltage Vth. Therefore, 

25 in the digital broadcast receiving apparatus RPt> according to the 



above second embodiment, the gain of the loop formed between the 
tuner 2 and the first automatic gain controller AGClb is varied 
depending on whether the first level signal SZlb detected by the 
first level detector LDlb is at the voltage lower than the 
5 threshold voltage Vth or not . 

[0151] When the digital broadcast wave Srf fluctuates in 
frequency, large gain of the loop formed between the tuner 2 and 
the first automatic gain controller AGClb enables frequency 
fluctuations up to 180Hz to be followed if the value detected by 

10 the first level detector LDlb (first level signal SZlb) is at a 
voltage lower than the threshold voltage Vth. On the other hand, 
if the value is at a voltage equal to or higher than the threshold 
voltage Vth, only frequency fluctuations up to 150Hz can be 
followed, which has been experimentally confirmed. 

15 [0152] In this respect, the first constant Gib can preferably 
be switched to enable the digital broadcast receiving apparatus 
to follow frequency fluctuations up to 300Hz even if the digital 
broadcast wave Srf fluctuates in level. With such switching, the 
gain of the loop formed between the tuner 2 and the first automatic 

20 gain controller AGClc can be made constant to some extent. For 
this purpose, two constants, that is, a small constant Gl and a 
large constant G2, are provided. The small constant Gl is 
suitable when the level of the digital broadcast wave Srf is at 
a voltage lower than the threshold voltage. The large constant 

25 G2. is suitable when the level thereof is at a voltage equal to 



or higher than the threshold voltage. In accordance with the 
level of the digital broadcast wave Srf , either one of these two 
constants Gl and G2 is selected for use as the first constant 61b, 
thereby switching the loop gain between the first automatic gain 
5 controller AGCVo and the tuner 2. As such, the digital receiving 
apparatus suggested herein can always give high performances when 
receiving the frequency- fluctuating digital broadcast wave RF, 
irrespectively of the level of the digital broadcast wave Srf 
supplied to the tuner 2 . 

10 [0153] With reference to FIG. 13, the digital broadcast 
receiving apparatus RPc according to the present embodiment is 
described. The digital broadcast receiving apparatus RPc is 
similar in structure to the digital broadcast receiving apparatus 
RPh shown in FIG. 7, except that a first automatic gain controller 

15 AGClc is provided in place of the first automatic gain controller 
AGCVo. To the first automatic gain controller ^ffClc, a first AGC 
signal generator SGlc is provided in place of the first AGC signal 
generator SGlb according to the second embodiment . Moreover , a 
level decision unit 37c is additionally provided to connect the 

20 first AGC signal generator SGlc and the first level detector L£>lb. 
[0154] Mainly described below are features unique to the 
present embodiment. In the drawings, each component, signal and 
parameter unique to the present embodiment is represented and 
identified by a reference character with the suffix "c" added 

25 thereto. The same components and operations as those of the above 



first and second embodiments are not described herein. 
[0155] The level decision unit 37c outputs, to the first AGC 
signal generator SGlc, a control signal SGc having a binary value 
indicative of either 0 or 1 , based on a first level signal SLlc 
5 outputted from the first level detector ZZ?lb. 

[0156] With reference to FIG. 14, the operation of the level 
decision unit 37c is briefly described. In FIG. 14, the vertical 
axis represents the first level signal SLlc outputted from the 
first level detector LD1\> , while the lateral axis represents 

10 constant values corresponding to the control signal SGC and a 
first constant Glc. Specifically, the level decision unit 37c 
compares the level of first level signal SLlc with a threshold 
Lth. If the level is equal to or higher than the threshold Lth, 
the level decision unit 37c outputs the control signal SGc 

15 indicative of "1", and otherwise outputs the one indicative of 
"0". To the values of the control signal SGc. the small constant 
Gl and the large constant G2 are correspondingly related for 
determining the loop gain between the tuner 2 and the first 
automatic gain controller AGClc . In the present embodiment, the 

20 value "0" of the control signal SGc corresponds to the small 
constant Gl, while the value "1" thereof corresponds to the large 
constant Gl . These correspondences are described more below in 
relation to the structure of the first AGC signal generator SGlc. 
[0157] In FIG. 15, the structure of the first AGC signal 

25 generator SGlc is illustrated in detail. The first AGC signal 



generator SGlc is similar in structure to the first AGC signal 
generator SGVo shown In FIG. 9, except that an adaptive constant 
switch 18cl is provided in place of the first constant provider 
18bl . The adaptive constant switch 18cl includes a small constant 
5 provider 18S, a large constant provider 18L, and a switch 39. The 
small constant provider 18S and the large constant provider 18L 
output the small constant Gl and the large constant G2 , 
respectively, as described with reference to FIGS. 14 and 16. 
[0158] The switch 39 is connected to an output port of the small 

10 constant provider 18S, an output port of the large constant 
provider 18L, an output port of the level decision unit 37, and 
an input port of the multiplier 17. Based on the control signal 
SGc received from the level decision unit 37c, the switch 39 
selects either one output port of the small constant provider 18S 

15 or the large constant provider 18L for connection to the input 
port of the multiplier 17. As a result, the multiplier 17 is 
provided with, as a first constant Glc , the small constant Gl by 
the small constant provider 18S or the large constant G2 by the 
large constant provider 18L. As such, instead of the first 

20 constant G1X> in the first AGC signal generator SGVo of the digital 
broadcast receiving apparatus RPt> according to the second 
embodiment, the first constant Clc having either one of two values 
according to the level of the first level signal SLlo is outputted. 
Thus , the gain of the loop formed between the tuner 2 and the first 

2 5 automatic gain controller AGClc is adaptively adjusted according 



to the level of the first level signal SLIc . 
[0159] (Fourth embodiment) 

Described below is the digital broadcast receiving 
apparatus according to the fourth embodiment of the present 
5 invention exemplarily applied to receive a digital broadcast wave . 
Prior to that, with reference to FIGS. 16 and 20, the basic concept 
of the present embodiment is first described. FIG. 20 is similar 
to FIG. 16, except that the threshold voltage Vth represented by 
the two-dotted line L in FIG. 16 is replaced with a first threshold 
10 voltage Vthl represented by a two-dotted line LI and a second 
threshold voltage Vthl represented by a two-dotted line LI {Vthl 
< Vth2 ) . 

[0160] In the digital broadcast receiving apparatus RPc 
according to the above third embodiment, in consideration of the 

15 control-voltage to amplitude -attenuation characteristic shown 
in FIG. 16, the first constant Glc is switched between the small 
constant Gl and the large constant G2 based on whether the value 
of the first level signal SLIc is at a voltage larger than the 
single threshold voltage Vth. However, since the digital 

20 broadcast wave Srf is always somewhat fluctuating, the level of 
the first level signal SLIc is also always fluctuating. 

Therefore, if the level of the first level signal SLIc 
fluctuates in some range centering at the threshold voltage Vth, 
the small constant Gl and the large constant Gl are frequently 

25 switched in accordance with the fluctuations. As stated above. 



there is a large difference in value between the small constant 
Gl and the large constant G2 . Therefore, even slight fluctuations 
of the first level signal SL1 cause frequent, wild changes in the 
first constant Glc, that is, jittering. With this, the first 
5 automatic gain controller AGClc becomes unstable in gain 
adjustment operation and, in turn, the quality of the demodulated 
digital signal SDMDc becomes deteriorating. 

[0161] In this respect, level fluctuations of the first level 
signal SL1 is detected using not the single threshold voltage Vth 

10 but the first and second threshold voltages Vthl and Vthl. Thus, 
jitter caused in the first constant Glc by slight fluctuations 
of the first level signal SLlo can be prevented. In other words, 
a region between the first and second voltage thresholds Vthl and 
Vth2 do not uniquely correspond to a fluctuation of the first level 

15 signal, but serves as a buffer region, where the first constant 
Glc switches differently according to the pattern of fluctuations 
of the first level signal SLlc . 

[0162] As shown in FIG. 17, a digital broadcast receiving 
apparatus RP& according to the present embodiment is similar in 
20 structure to the digital broadcast receiving apparatus RPc 
according to the third embodiment shown in FIG. 13, except that 
a level decision unit 37d is provided in place of the level decision 
unit 37c. 

[0163] Mainly described below are features unique to the 
25 present embodiment. In the drawings, each component, signal and 



parameter unique to the present embodiment is represented and 
identified by a reference character with the suffix "d" added 
thereto. The same components and operations as those of the above 
first to third embodiments are not described herein. 
5 [0164] With reference to FIGS . 18 and 19, the level decision 
unit 37d is described. The level decision unit 37d is similar 
in structure to the level decision unit 37c already described with 
reference to FIG. 14. However, in the level decision unit 37d, 
a first threshold Lthl and a second threshold Lth2 are provided 
10 {Lthl < Lthl) instead of the threshold Lth. Between these first 
and second thresholds Lthl and.Lth2 , a buffer region BA is provided 
for assigning 0 or 1 as a control signal SG6. according to the 
fluctuations of a first level signal SZld. 

[0165] With reference to FIGS. 18 and 19, described below is 
15 changes in the control signal SGd and the first constant G1& with 
respect to the changes in the first level signal SLld. 
[0166] Described below are two examples. Now, a first example 
is described. Firstly, as shown in FIG. 18, when the first level 
signal SLld. is at a level lower than the second threshold Lthl, 
20 the value of the control signal SG6. is set to 1, and the small 
constant Gl is output ted as the first constant G16.. Then, when 
the first level signal SLld becomes higher in level than the second 
threshold Lthl, also as shown in FIG, 18, the value of control 
signal SGd is switched to 0, and the large constant G2 is outputted 
25 as the first constant <Sld. Then, when the first level signal SLld 



becomes lower in level than the second threshold Lthl and higher 
than the first threshold Lthl, as shown in FIG. 19, the value of 
the control signal SG6. remains 0, and the large constant G2 is 
outputted as the first constant G1&. Then, when the first level 
5 signal SZld becomes lower in level than the first threshold Lthl, 
also as shown in FIG. 19, the value of the control signal SG6. is 
switched to 1, and the small constant Gl is outputted as the first 
constant Cld. Then, when the first level signal SLld. becomes 
lower in level than the second threshold Lthl and higher than the 

L0 first threshold Lthl, referring back to FIG. 18, the value of the 
control signal SGd remains 1, and the small constant Gl is 
outputted as the first constant G1CL. Lastly, when the first level 
signal SLld becomes higher in level than the second threshold Lthl , 
also as shown in FIG. 18, the value of the control signal SGd is 

15 switched to 0, and the large constant G2 is outputted as the first 
constant Gld. 

[0167] Next, a second example is described. Firstly, as shown 
in FIG. 19, when the first level signal SLld. is at a level higher 
than the second threshold Lthl, the value of the control signal 

20 SGd is set to 0, and the large constant G2 is outputted as the 
first constant Gld. Then, when the first level signal SLld 
becomes lower in level than the second threshold Lth2 and higher 
than the first threshold Lthl, also as shown in FIG, 19, the value 
of control signal SGd remains 0, and the large constant G2 is 

2 5 outputted as the first constant Gld. Then, when the first level 



signal SLld becomes lower in level than the first threshold Lthl , 
as shown in FIG. 19, the value of the control signal SG6. is switched 
to 1, and the small constant Gl is outputted as the first constant 
Gld . Then, when the first level signal -SZld becomes lower in level 
5 than the second threshold Lthl and higher than the first threshold 
Lthl, as shown in FIG. 18, the value of the control signal SG6. 
remains 1, and the small constant Gl is outputted as the first 
constant G1&. Lastly, when the first level signal SL16. becomes 
higher in level than the second threshold Lthl, as shown in FIG. 

10 18, the value of the control signal SGd is switched to 0, and the 
large constant G2 is outputted as the first constant *?ld. 
[0168] An alternative explanation is made for the above first 
example with reference to changes in control voltage shown in FIG. 
20. Firstly, when the control voltage SAG1& is lower than the 

15 second threshold voltage Vthl . the value of the control signal 
SG6. is set to 1, and the small constant Gl is outputted as the 
first constant Gld. Then, when the control voltage SAG1& becomes 
higher than the second voltage Vth2 , the value of control signal 
SGd is switched to 0, and the large constant G2 is outputted as 

20 the first constant G1&. Then, when the control voltage SAGld. 
becomes lower than the second threshold voltage Vtl22 and higher 
than the first threshold voltage Vthl, the value of the control 
signal SGd. remains 0, and the large constant G2 is outputted as 
the first constant <Sld. Then, when the control voltage SAGld. 

25 becomes lower than the first threshold voltage Vthl, the value 



of the control signal SGd is switched to 1, and the small constant 
Gl is outputted as the first constant Gld. Then, when the control 
voltage SAGld becomes lower than the second threshold voltage Vth2 
and higher than the first threshold voltage Vthl , the value of 
5 the control signal SGd. remains 1, and the small constant Gl is 
outputted as the first constant <Sld. Lastly, when the control 
voltage SAGld becomes higher than the second threshold voltage 
Vthl, the value of the control signal SGd is switched to 0, and 
the large constant G2 is outputted as the first constant Gld. 

10 An alternative explanation is made for the above first example 
with reference to changes in control voltage shown in FIG. 20. 
Firstly, when the control voltage SAGld is lower than the second 
threshold voltage Vth2 , the value of the control signal SGd is 
set to 1, and the small constant Gl is outputted as the first 

15 constant <Sld. Then, when the control voltage SAGld becomes higher 
than the second threshold voltage Vth2 , the value of control 
signal SGd is switched to 0, and the large constant G2 is outputted 
as the first constant Gld. Then, when the control voltage SAGld 
becomes lower than the second threshold voltage Vth2 and higher 

20 than the first threshold voltage Vthl, the value of the control 
signal SGd remains 0, and the large constant G2 is outputted as 
the first constant Gld. Then, when the control voltage SAGld 
becomes lower than the first threshold voltage Vthl . the value 
of the control signal SGd is switched to 1, and the small constant 

25 Gl is outputted as the first constant Gld. Then, when the control 



voltage SAG1A becomes lower than the second threshold voltage Vthl 
and higher than the first threshold voltage Vthl, the value of 
the control signal SG& remains 1, and the small constant Gl is 
outputted as the first constant Cld. Lastly, when the control 
5 voltage SAG1& becomes higher than the second threshold voltage 
Vth2, the value of the control signal SG6. is switched to 0, and 
the large constant G2 is outputted as the first constant <71d. 
[0169] An alternative explanation is made for the above second 
example with reference to changes in control voltage shown in FIG. 

10 20. Firstly, when the control voltage SAG16. becomes higher than 
the second threshold voltage Vthl, the value of the control signal 
SGd is set to 0, and the large constant G2 is outputted as the 
first constant Gld. Then, when the control voltage SAG16. becomes 
lower than the second threshold voltage Vth2 and higher than the 

15 first threshold voltage Vthl, the value of control signal SG6. 
remains 0, and the large constant G2 is outputted as the first 
constant G16.. Then, when the control voltage SAGld becomes lower 
than the first threshold voltage Vthl, the value of the control 
signal SG6. is switched to 1 , and the small constant Gl is outputted 

20 as the first constant Gld. Then, when the control voltage SAG16. 
becomes lower than the second threshold voltage Vthl and higher 
than the first threshold voltage Vthl , the value of the control 
signal SG6. remains 1, and the small constant Gl is outputted as 
the first constant Gld. Finally, when the control voltage SAGia 

25 becomes higher than the second threshold voltage Vth2 , the value 



of the control signal SGd. is switched to 0, and the large constant 
G2 is outputted as the first constant <?ld. 

[0170] As such, a buffer region is provided between the first 
and second threshold voltages Vthl and Vthl. This provides 
5 hysteresis for preventing the first constant Gld, which 
determines the loop gain between the tuner 2 and the first 
automatic gain controller AGCld, from being frequently switched 
between the small constant Gl and the large constant G2 . 
[0171] While the invention has been described in detail, the 
10 foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modifications 
and variations can be devised without departing from the scope 
of the invention. 
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